Abstract: Jotiba-Panhala hill range trending east-west and play a vital role as a water divider between
I. Introduction
Landslide is the movement mass of rocks, earth or debris down the slope [1] . In 1978 Varnes [2] classified Landslide in two types based on the type of movement (fall) and type of material (rock). Landslide susceptibility is defined as a quantitative or qualitative assessment of the classification, volume (or area) and spatial distribution of landslides, which exists or potentially may, occurs in an area. Now days Remote Sensing and Geographical Information System (GIS) techniques are used for landslide zones mapping [3, 4] . In India, landslide disasters commonly occurs in hilly area due to heavy rain fall particularly in Himalayan area, but year 2014, 30 July Malin village, Ambegaon taluka in Pune district, Maharashtra. The landslide which is hit early in the morning residents were asleep, was believed to have been caused by a bust of heavy rainfall and kill 135 peoples [5] . Hence Landslide Susceptible zonation mapping is also an important aspect in Western Ghats Belt (WGB) for development, planning and risk management study. The present study area is also a small part of WGB, on the basis of mass wasting evidences we try to analyse the maximum possible landslide zone in JotibaPanhala hill range area in Kolhapur district.
II. Study Area
The Jotiba-Panhala hill range trending east-west, falls within the latitude 16 0 42' 15.1" N to 16 0 55' 6.5" N and longitude 73 0 54' 12.
3" E to 74 0 20' 42.0" E in Survey of India (SOI) toposheet numbers 47 H/13, 47 L/1, 47 L/2, 47 L/5, and 47 L/6 on the scale 1:50000 and geographically this hill is placed in SW fringe of Maharashtra. It is occupies area of about 483.7 Sq. km. in Panhala taluka in Kolhapur district of Maharashtra. Jotiba hill is also known as Wadi-Ratnagiri and it is famous for Jotiba temple. Similarly, Panhala hill is famous tourist spot for Panhala fort. This hill range is major water divider between Varna and Panchaganga Rivers. Varna River is in north side and Panchaganga River is in south side of this hill range. The minimum and maximum temperature is 19 0 to 40 0 averages are 27 0 , average rainfall is 1899 mm and humidity is 55%.
III. Methodology
The study comprises mainly field visit and laboratory study. Field survey is carrying out for study the geology and geomorphological setup of the area. After field work, laboratory study was carried with the help of Survey of India topographic maps on 1:50000 scale, SRTM DEM 30 m. resolution (Downloaded by USGS), and Resoursat-1 IRS LISS-III satellite image 24 m. resolution (Downloaded by Bhuvan). Resoursat-1 IRS LISS-III-24 m. satellite image processed under ERDAS 10.4 software for stacking the bands R-3, G-2, and B-1.
Fig. 1 Location Map of Jotiba-Panhala hill range area
In present study, ArcGIS 10.1 and ERDAS 10.4 software is used for data generation and creation of maps. The base map i.e. location map (Fig.1 ) and drainage map (Fig.2) are prepared with the help of topographic map and ArcGIS 10.1 software. The method for stream ordering is adapted from Strahler [6] . The slope map (Fig.8) is prepared through SRTM DEM of 30 m. resolution in percentage scale using ArcGIS 10.1 software. The Satellite imagery Resoursat-1 IRS LISS-III was visually interpreted by using slandered interpretation key such as tone, colour, texture, pattern of drainage, shape and topography etc. to prepare geomorphological map (Fig.4) Land use/ Land cover map (Fig. 7) and Landslide zonation mapping (Fig. 9) . Finally conventional information such as geology, geomorphology and land use/ land cover change characteristics collected during field checks were used in the final conclusions of the present study.
IV. Morphometric Analysis
The study area generally shows well developed dendritic to sub-dendritic drainage pattern. Dendritic and sub dendritic drainage pattern are governed by regional slope, homogeneous lithology and relief [7] . On the basis of morphometric analysis of Jotiba-Panhala hill range found that, the streams originating from this hill are 1 st to 5 th ordered [6] . The whole area contains 1667 streams and the total length of all the streams is 1236.65 km. The average bifurcation ratio [8] is 3.99. The bifurcation ratio of the area is indicating that the homogeneous sub-surface lithology and drainage of this area is not disturbed due to tectonic activity. The drainage density is 2.56 km/km 2 [9] , stream frequency is 3.45 streams/ km 2 [9] , and textural ratio [10] . The high drainage density and high stream frequency indicates that the rapid runoff and impermeable lithology. The textural ratio is 13.35 km -1 shows that the drainage is very fine texture [11] . 
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V. Geology of the Area
The Deccan volcanic province (DVP) is one of the largest horizontally disposed continental flood basalt (CFB) provinces in the world. It is cover an area of about 500,000 sq. km. in western and central parts of the peninsular India. Geologically, present study area is totally covered by Deccan Volcanic Basaltic (DVB) lava flows of Upper Cretaceous to Lower Eocene age. In the study area, Geological mapping is already done by Geological Survey of India (GSI) [12, 13, 14] .
Geological field work has been carried out with the help of previous GSI report [15] . On this basis, it is observed that several 'aa' type lava flows are at some places separated by red bole beds (Tachylitic bands). There are two types of basalt are observed, one is compact basalt ('aa' type) and another is vesicularamygdaloidal basalt (compound pahoehoe type). The vesicular amygdaloidal basalt (Compound Pahoehoe) flows are formed by the outpouring of comparatively viscous lava in small quantities through a large number of outlets [16, 17] . The aa basalt flow also show the columnar joints (Fig. 3) . Basalt is black coloured, ultramafic, basic, volcanic, igneous rock mainly composed of augite, calcicplagioclase and iron oxide. Jointing pattern of Basalt is mainly vertical or horizontal. Basalt also shows spheroidal weathering due to high temperature and high rainfall. During rainy season due to heavy rainfall water percolates under vertical and horizontal joints in basaltic formations. After sometimes it comes out in the form of natural spring in between two Basaltic lava formations. If these springs are comes out in the high relief and steep slope area into weathered lava formation or talus deposits rolling down from the hill, Landslides are occurs. The large part of the area is covered by black cotton soil, which is important for agriculture purpose. Litho-stratigraphically, present study area comes under Mahabaleshwar formation of Upper Deccan Traps in India [18] . At the height above 880 mts columnar joints in Basalt (Fig. 3) are observed all over the hill. The hill top is covered by laterite of Pleistocene age. It is formed by in situ chemical weathering of columnar basalt above 935 m. above msl. Laterite is red or brown coloured rock mainly composed of iron oxides and clay, formed due to residual product of weathering in tropical and sub-tropical area.
VI. Geomorphology
Geomorphology is defined as the systematic description and analysis of landscapes and the processes that changed them [19] . In present study area is classified into eight different morpho units (Landforms) viz., Younger alluvial plain, pediplain, pediment, valley fill sediments, highly dissected plateau, mesa, denudational hill, lateritic plateau and pass (Fig. 4) , on the basis of physiographic characteristics, morphological features, relief, slope, drainage density, and lithology. Using Resoursat-1 IRS LISS-III satellite image, SRTM DEM arc 30 m resolution, topographic map, profile study, and visual field studies were are also made in arriving at the classification and in delineating the boundaries of these morpho units.
Younger Alluvial Plain: Sedimentary deposition of extensive alluvial plain occurs in northern and southern part of the hill. In north is Varna river plain and in south is Panchaganga river plain. Both the river plains mostly consist of gravels, sand, silt and clay material. The total area covered by younger alluvial plain is 7.40 sq. km. i.e. 1.53% of the total area.
Pediplain: Pediplain area found in parallel to the course of river channel. This area is gently sloping; highly weathered basaltic rock consists of undulating topography and thick soil cover mostly covered by agricultural part. Groundwater condition is very good in this area. The elevation of this geomorphic unit is 533 m. to 570 m. above msl and covers 214.86 sq. km. area i.e. 44.42 % of the present study area. Drainage density 2.02 km/km 2 , stream frequency is 2.31 streams/ km 2 and textural ratio is 2.77 km -1 , relative relief is low and gradient is low. 
Valley fills deposits:
This area found in northern and southern part of the hill part. The material in these surface, consists mainly of weathered product of the surrounding basalt rock, mostly comprise moderately thick gravels, pebbles, sand and silt. The elevation of this geomorphic unit is 620 m. to 700 m. above msl and covers 82.40 sq. km. area i.e. 17.03 % of the total study area. The drainage density is 3.22 km/km 2 , stream frequency is 9.88 streams /km 2 , textural ratio is 2.19 km -1 , relative relief is low and gradient is moderate.
Highly dissected Plateau:
The land of this unit is several dissected by the streams of sub-basin giving rise to a terrain consists of flat topped ridges and steep scarps occur all around the hill terrain. The unconsolidated material rolling down from hill, it settles over the gently sloping surface of the highly dissected plateau area. In last rainy session has been found that, because of heavy rainfall this unconsolidated material fill up with water and loose there strength. Due to high content of water small mass movements are occurs in this area. Some mass wasting movements are observed in last rainy season at Jotiba-Kerli road section slumping movement of weathered lava flow is occurs due to heavy rainfall (Fig. 5) . The elevation of this geomorphic unit is 700 m.to 740 m. above msl and covers 33.50 sq. km. area i.e. 6.93 % of the present study area. The drainage density is 2.87 km/km 2 , stream frequency is 11.37 streams/ km 2 , textural ratio is 2.10 km -1 , relative relief is high and gradient is moderate to steep. On the basis of field characters and morphometric characteristics of this geomorphic unit it is found that it is a part of land slide prone zone.
Denudational Hill: Hill is isolated, low relief and generally barren type of rocky area. In present research area, the hill portion is consists of highly resistant columnar basaltic rock formations ( fig. 3 ). This geomorphic unit occurs at elevation 740 m. to 935 m. above msl and covers 44.93 sq. km. area i.e. 9.2 % of the present study area. Drainage density 3.12 km/km 2 , stream frequency is 8.41 streams/ km 2 , textural ratio is 3.14 km
, relative relief is high and gradient is steep. During field work there are two mass wasting movement are occurs one is nearer to Somwar peth Panhala (Fig.6 ) due to heavy rainfall road are subsided nearly 4 feet downward. In another location near Panhala hill (Fig.7) columnar basaltic blocks are rolling down due to gravity. It is debris sliding occurs in geological past. Similar type of sliding occurs near main road, Waghabil-Panhala village road section every rainy season. It is found that this area also susceptible for landslide.
Pass: Sudden drop in elevation in between two hills is known as pass. It indicates that an area is highly resistant to erosion. 
VII. Land Use/ Land Cover
Land use and land cover analysis (Fig. 8 ) is carried out with the help of Resoursat-1 IRS LISS-III satellite image. It is downloading from Bhuvan and then its bands are stack processed under by ERDAS 2014 software. Land use/ land cover it is anthropogenic activities carried out on land surface. It's related to the geomorphology of the area, geology, hydrology and climate also. In present study, five units are used for study the land use condition and its relationship with geology and geomorphology of the area. These units are agricultural land, forest land, settlement, barren land and water bodies. (Table 1 Water bodies are occurs at the pediment area of the hill
VIII. Slope Map
Slope is simply means of inclination of the surface. It is formed due combination of several factors like geological structures, absolute and relative relief, climate, vegetation cover, drainage texture and drainage frequency etc. In present study area slope map is prepared with the help of SRTM DEM and ArcGIS 10.1 software. In slope map preparation SRTM DEM is first follow the fill analysis process form hydrological analysis tool and then slope map is repaired to use percentage in slope analysis tool from surface analysis tool. For find out Landslide susceptible zone in present research area is classified in to four units; 0-17; 17-35; 35-52 and 52-88 (Fig. 9) . The steep slope is observed all around the hill at 52-88 percentages. It is a columnar jointing Basaltic rock formation occurs all around the hill consists of nearly vertical slope (Fig. 3) .
IX. Landslide Zonation Mapping
In many regions of world especially in hilly terrain a temporary instable land mass (Soil, regolith, or talus deposits) has always been an actual problem. These masses may leave their original position abruptly or extremely slowly and start either a downgrade movement or vertical downward sinking thus give rise to be In present research landslide zonation mapping (Fig. 10) is done with the help of geomorphological parameters results, slope of the area and field evidences of mass wasting. The main cause of mass wasting in this area is heavy rainfall. Such types of mass wasting situations are preliminary indications of landslides. So for mitigation is concerned or minimize these type of situation some important things area adapted, such as small channel are constructed along the both sides of the road and railway lines, roads area constructed in gentle sloping area, plantation over soil, build-up of agricultural area over gentle slope, houses are construction over the plain area or hard rocky area etc.
X. Conclusion
The Remote Sensing and GIS techniques are given more accurate result for Landslide zonation mapping in present study. Geomorphological study observed that, highly dissected plateau and hill area is mostly prone for landslide. In present study area, steep slope is observed in south side of the hill as compared to north side. During South-West monsoon season, southern part of the hill area received more rainfall as compared to northern slope of the hill. After sometimes natural springs are originated due to heavy rainfall. These springs are originated in contact between two rock formations consists of vertical and horizontal jointing basaltic rocks. Most of the mass wasting movements are occurs, if spring are originating in to the hill portion consists of high relief and steep slope. Due to heavy rainfall and spring, soil or talus deposits (slides from the hill) and weathered rock material on a steep sloping surface underneath can become heavy with rain water and slides down due to its weight. Same situation are also found in most of the landslides in large scale.
